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www.tsi-scidac.org
TeraScale TeraScale Supernova InitiativeSupernova Initiative

11 Institution, 21 Investigator, 34 Person, Interdisciplinary Effort 
ascertain the core collapse supernova mechanism(s)
understand supernova phenomenology

e.g.: (1) element synthesis, (2) neutrino, gravitational wave, and gamma ray signatures
provide theoretical foundation in support of OS experimental facilities
develop enabling technologies of relevance to many applications

e.g. 3D, multifrequency, precision radiation transport
serve as computational science testbed

drive development of technologies in simulation “pipeline”
(data management, networking, data analysis, and visualization)

With ISIC and other collaborators:With ISIC and other collaborators:
89 people from 28 institutions involved.89 people from 28 institutions involved.
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Core collapse supernovae are the dominant source of the elements between oxygen and iron.
Believed to be responsible for half the elements heavier than iron.

Single most important source of the elements in the Universe.
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A comparison of key radii in a Newtonian versus a general relativistic model (25 Solar Masses):

Bruenn, DeNisco, and Mezzacappa (2001)
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1D Models
Sophisticated Transport

No Turbulence, No Rotation
No B Fields

Newtonian, GR

2D Models
Sophisticated Transport

With and Without Rotation
With and Without B Fields

Newtonian, GR

3D Models
Sophisticated Transport

With and Without Rotation
With and Without B Fields

Newtonian, GR

…also with different weak interactions and EOS.
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Year 1 Year 2 Year 3 Year 4 Year 5

Spherically Symmetric Models (3D)Spherically Symmetric Models (3D)

Axisymmetric Axisymmetric Models (5D)Models (5D)

No Imposed Symmetry (6D)No Imposed Symmetry (6D)

2D RHD RbR
2D RMHD RbR
2D RHD MGFLD
2D RHD MGBT

3D Hydro-Only
3D RHD RbR
3D RMHD RbR
3D RHD MGFLD
3D RHD MGBT

EOS
Weak Rates
GR
Mixing
Nucleosynthesis
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New ingredient in supernova theory.
Relevance:

Explosion Mechanism
Observables

Confirmed by:
Janka et al. 2004
Scheck et al. 2004
Ohnishi et al. 2005

Blondin, Mezzacappa, and DeMarino (2003)

Buras et al. (2003) Physics

Parameterized neutrino heating/cooling.
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SASI-induced counter-rotating flows.

Blondin and Mezzacappa (2005)

35 ms spin period.
Consistent with observations.

Spherically symmetric initial conditions!
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Swesty and Myra (2005)

• First 2D models to be able to explore PNS instabilities
in the context of nonlinear numerical simulations.

• First fully 2D models to explore explosion mechanism.
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Progress (in conjunction with TOPS):

2D/3D MGFLD

Sparse Approximate Inverse Preconditioner
Saylor, Smolarski, and Swesty (2004)

Successfully implemented in 2D MGFLD code (V2D).

Implicit Hydrodynamics (Reynolds, Woodward, Swesty, Myra)

2D/3D Boltzmann Transport

“ADI” Preconditioner 
D’Azevedo et al. (2004)

Successfully implemented in 1D Boltzmann code (AGILE-BOLTZTRAN).
• Dense LU factorization was used for dense blocks (D’Azevedo).

Being implemented in 2D/3D Boltzmann code (GenASiS).
• Sparse incomplete LU factorization for dense blocks (D’Azevedo, Eijkhout).
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Input
Data

Highly
Parallel
Compute

Output
~500x500
files

Aggregate to 
~500 files (< 
2.2GB each)

HPSS
archive

Data Depot

Logistic Network
L-Bone

Local Mass
Storage 14+TB)

Aggregate
to one file 
(~1 TB 
each)

Viz
Wall

Viz Client

Local 44 Proc.
Data Cluster
- data sits on local nodes for weeks

Viz Software
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CERN

Chicago

Sunnyvale

Atlanta

ANL
FNAL

ORNL

CalTech

SLAC

LBL

NERSC

PNNL

10 Gbps

10 Gbps

DOE Science UltraNet + NSF CHEETAH
Seattle

BNL

JLab

University

DOE National Lab

Future Connections

UltraNet
CHEETAH

UVa

NCSU

CUNY

Novel networking approaches on “existing” networks.

• Successfully deployed TSI “Logistical Network.”
• Throughputs allowed transfer of TeraBytes of simulation data.

Novel networking approaches 
on “dedicated” networks.

• TSI served as testbed for NSF funded Cheetah project.
• Provisioning and protocols for dedicated, high-bandwidth networks.

Beck

Rao
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Cray

Nodes

Edge
Module

End
Host

Inter-
connect

Network
Edge

Internal Path

Wide-Area Path

Supercomputer

Rao

Focus on 
internal supercomputer network,
wide-area network,
and interconnect.
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Ross, Lee

Enable parallel I/O out to the Logistical Network.
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Toedte

Ma

Baker, Bachta

Shen, Wang

• Micro/Macro Scales
• New Techniques
• Surface/Volume
• Hardware/Software
• Interactivity
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Critchlow

SUNYSB Workflow
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